The purpose of this study was to investigate the pattern of muscle injuries and the factors that predict the return-to-play duration among Malaysian athletes.
I NTRO D U C TIO N
Muscle injury is one of the most common injuries affecting athletes.
(1) It accounts for up to 28% of injuries in sports events. (2) Contusion and strain are two common causes of muscle injuries. Muscle strain often occurs during sprinting or jumping, when the muscle is under tension while lengthening (eccentric contraction). (3) Earlier studies have identified several factors that predispose one to muscle injury, including a history of muscle strain, increasing age and leg dominance. (4) (5) (6) Muscle injuries often occur at the muscle-tendon (myotendinous) junction of muscles that span across two joints, such as the rectus femoris, semitendinosus and gastrocnemius. Diagnosis and grading of muscle injuries are usually done through clinical assessments. (2) Ultrasonography (US) is recommended for localising injury and characterising severity of injury.
In professional sports, muscle injuries can lead to significant pain and disability, resulting in time away from participation (training and competition) and high medical costs. (8) Athletes and coaches are often concerned about the time to full recovery and return-to-play (RTP). Unfortunately, issues on duration to return-to-play (DRP) are often not directly discussed during consultation with the medical team.
Predicting DRP is not only important for planning the rehabilitation programme, but also for enabling the coaching staff to restructure the team for competitions.
Recent studies have identified several factors that may help in estimating DRP. (6, 10, 11) An observational study of 59 players from ten Victoria-based Australian Football League clubs showed that the time taken for an athlete to walk pain-free after a hamstring injury was a significant predictor of time to RTP. (12) That study, however, did not discuss the severity of the muscle injury sustained and give details of the rehabilitation programme. In addition, a prospective study among athletes with grade 1-4 hamstring injuries suggested that active knee range of motion deficit was an objective and accurate measurement in predicting DRP. (11) Information on the pattern of muscle injuries among Malaysian athletes is limited. (13) Differences in physical build, climate, dietary intake and training regimen between Malaysian and foreign athletes may affect muscle injury pattern. Identifying the pattern of muscle injuries, including the magnitude of the problem, is an important initial step in injury prevention programmes. (14) However, there is no information on the current management of muscle injuries and the effectiveness of treatment (e.g. DRP) among Malaysian athletes. Hence, the aim of this study was to examine the pattern of muscle injuries and explore the predictors of DRP among Malaysian athletes.
M E TH O DS
A retrospective study using data extracted from athletes' medical records was conducted at the National Sports Institute Prior et al, (16) and supported by the results of another study, where athletes whose DRP was > 6 weeks after muscle injury were found to have a significantly lower chance (3.1%) of sustaining repeat injury compared to those who resumed sports at 2 weeks (8.1%) or 3 weeks (6.8%) post injury. (17) The associations between DRP and gender; age group (≥ 18 vs. < 18 years); and duration before first consultation (≤ 1 vs. > 1 week) were assessed using Mann-Whitney U test. 
RESUlTS
A total of 562 medical records of athletes with suspected muscle injuries were screened. Of these, 202 medical records were excluded from analysis for the following reasons:
incomplete medical information (n = 25); missing US report (n = 75); and injuries involving structures other than muscles (Table II) .
Gender, time to first consultation, injury type (new vs. recurrent), injury severity, number of injured muscles and side of injury were factors that met the criteria for inclusion in the multivariate model. Delay in first consultation of more than one week, recurrent muscle injuries and female gender were identified as predictors of DRP of > six weeks (Table III) . No interactions were noted between the predictors.
All other variables were eliminated by the stepwise procedure.
D I SCU S S IO N
In this study, grade 2 muscle injury was the most common form of injury diagnosed among national-level athletes. We also found that the muscle injuries often affected the lower limb, especially the hamstring muscle groups. Similar findings were also noted in a study conducted among intercollegiate hockey players. (22) Furthermore, lower extremity muscle strain was the most frequent injury diagnosed at the 2007
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Athletics Championships. (23) Excessive tensile force on muscle fibres during fast bursts of speed has been suggested to be the main cause of muscle injury. Such an injury predominantly affects muscles that span two joints, such as the biceps femoris, semimembranosus, semitendinosus, gastrocnemius and rectus femoris.
The pattern of muscle injuries among Malaysian athletes is comparable to that reported in other studies. (22, 23) However, the median DRP of 7.4 (IQR 8.5) weeks among the athletes in this study is longer than that in earlier studies. (6, 25) A study conducted by Malliaropoulos et al in Greece reported a mean time loss from training and competition of 14.7 days among elite-level track-and-field athletes. (25) This shorter DRP could be explained by the higher proportion (64.5%) of low-grade muscle injury (grade 1) in Malliaropoulos et al's study. (25) Another study on hamstring injury among Australian footballers reported a (6) However, the authors of that study did not describe the severity of muscle injury suffered by the athletes.
The present study found that athletes who delayed medical consultation by more than one week (after the onset of injury)
had a significantly higher likelihood of taking more than six weeks to recover compared to those who sought treatment earlier. In a study by Askling et al, a median DRP of 31 weeks was reported among 30 elite-level Swedish athletes who presented 12 weeks after sustaining hamstring injuries, with 47% of the athletes making the decision to retire after a follow-up period of 63 weeks. (26) Early management of muscle injuries was shown to affect the extent of injury and the amount of scar tissue formed, which influences the duration of muscle healing. (1, 27, 28) Early immobilisation (less than one week) has been shown to limit the size of connective tissue (scar) formed within the site of injury in rat gastrocnemius muscle. (27) In addition, early use of cryotherapy hastens regeneration and has been associated with significantly smaller haematomas, less inflammation and less tissue necrosis. patterns of movements after injury. (22) Moreover, the current study found that athletes with a history of muscle injury were more likely to take more than six weeks to return to play than those with a new injury. A significantly longer recovery time was observed among National Football League athletes with hamstring re-injuries (56 days) compared to those with firsttime hamstring injury (16.5 days). (30) In a laboratory study, the lack of activated myogenic satellite cells within the fibrotic discontinuity area (scar tissue) was suggested to be the phenomenon responsible for the delay in healing of recurrent muscle injuries. (31) Female athletes with muscle injuries in the present study took a longer time (more than six weeks) to recover compared to male athletes. While the reason for this is unclear, it could be due to the difference in the circulating sex hormones between males and females. It has been found that there are significantly fewer inflammatory cells (neutrophils and granulocytes) infiltrating the vastus lateralis muscle of female university students after a standardised pain-inducing eccentric exercise compared to males. (32) Infiltration of the muscle with leucocytes and macrophages is important for satellite cell activation and initiation of muscle regeneration. Therefore, the oestrogen-attenuating effects on leucocyte infiltration may delay important stages in muscle recovery. (33) (34) (35) Bell et al demonstrated the presence of significant hamstring muscle extensibility changes throughout the different phases of the menstrual cycle, (36) which may increase the likelihood of sustaining acute hamstring injury, as was demonstrated in
Watsford et al's study. (37) Interestingly, the frequency of physiotherapy sessions did not affect the DRP in our study. Contrary to our findings,
Malliaropoulos et al demonstrated that athletes diagnosed
with hamstring injury who underwent a more intensive stretching programme had a statistically significant shorter time of recovery. (38) It should be noted that an optimal method for the treatment of muscle injury has yet to be identified. (39) Consequently, the treating physiotherapists in our study used different treatment protocols based on anecdotal reports and personal experience. The treatment protocols differed with respect to the type and sequence of activities prescribed, duration of the treatment session and the use of electrotherapeutic modalities, further complicating comparisons among the different regimens.
The high loss to follow-up rate of about 53% is of major concern, especially when it involves national-level athletes.
It is, however, possible that the athletes who defaulted had recovered from their injuries, retired or sought treatment elsewhere. A prospective study to explore the factors associated with loss to follow-up is currently underway. It should also be noted that the reliability and accuracy of US in diagnosing acute back muscle strain is still not documented. (40) Hence, it is possible that other conditions such as abnormalities of the intervertebral discs and facet joints were missed or overlooked in these athletes. This study has demonstrated that the timing of first consultation, past history or recurrence of muscle injury, and female gender were useful factors in predicting the DRP among Malaysian athletes.
In conclusion, grade 2 lower limb muscle injury was the most common type of injury diagnosed among the national- This study has identified several predictors of DRP of more than six weeks post muscle injury -time to first consultation of more than one week, recurrent muscle injury and female gender. These factors are important and should therefore be considered during early assessments of muscle injuries.
Strategic steps need to be taken to ensure early consultation and treatment as soon as an injury occurs. It is important to increase awareness of the factors associated with extended DRP among athletes, coaches and practitioners involved in the care of athletes. A prospective study with a larger sample size could better show the associations between clinical assessments and outcomes, including potential variables with small to moderate effects. Such a study is being planned for the near future.
